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Determinaoion of Total Particula'se 
Matter (Dry) and Nicotine in Ciga- 
__ retj^e Smoke _ 

The following statement of methods and pro¬ 
cedures for the determination of" water-free Total 
Particulate Matter (TPM) 'and total alkaloids as nico¬ 
tine (hereinafter referred to as nicotine) represents 
the consensus ox' jnajop ^ft|:Joyatories of the industry 
with'only minor QXcap-{;:|.o^l^ poted. It should be 
emphasised that 'i-S-)3oratories have long and 

i• • if . 

extensive expefteppe ih pigarette testing. The comments 
which follow a:pe ')3ased this experience and reflect 
the need to obadrve certain precaur'.ons xf reliable 
test results ape to be o|^taine':' . — _ 

'Iri 

In preparing t|}ast: ..,10 the aim 

}:>as been „ jtain resrlps . .,xen ari .,-e ':;o plus 

or rainuE : . the reporj^eo value at -r , p-r.- tfidence 
levei , statement wp]il I be xtat-. ::T,i,:;aily ■ oerpreted 

to v.-ot.- the’ true va^pe of r.rticuls-; matter 

for a given samp'j.e reported ir^g clgar^ v e would 

be in the range of ly to and that :r so concluding 
the investigator wou:5.d pe ptght 95 ■ "t - out of a h.Eodred. 
It can also oe sUQWTi sta'{;4-6l^ica3 / r ~ a oonsideratxon 

i 

of the collcvDoriftiva stp(iy by c h D. 0 rg, J.A.C,A,C., 
475 356 {■ ’ - )) that to ^c^.;„pve this preci iion for ^ 
given sam. .ppyoxi. ^ts^y '(X) cigarettio vust smoxed. 
This point , _„a. be aiipliftpc in a later c - .tlon. 
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If the objective of a cigarette testing pro¬ 


gram is to demonstrate dif|'erences between brands, a 
sampling procedure must be established so that the data 
obtained fairly reflect t^ib characteristics of the prod¬ 
uct as a whole. Note t^^ti individual cigarettes within 
a given brand, or groups fil' cigarettes as represented by 
a package or carton, way viry in terms of cigarette 
'weight, uniformity of p:|.en^, age, moisture content, 
filter dimensions, etc. All of these may 

affect the particuij-ntp ^hd nicotine delivery of 

the cigarette to ^ .dr ^ppser degree. Reliable 

characterization of a bran(^ as the consumer receives it, 

, . S • 

therefore, requires pelept^pn of the sub-sample to be 
smoked from a larger sampIp population made up of ciga¬ 
rettes obtained fpom many Ipcauicns. 

A recommended PrPbbdHr^ would be xo picic up 
100 packages of c^igaretfe^ for brand tc be "'asted 

from fifv^' Iccaeipps tb^^'ougbpU'Ji the oour.try. This pick-_ 

f I 

may be accomplipb®d, tbroUf h s-'C cu'osi'.f.a crntractor 
apch as Western Unlpp, 

Sp-b-samples ' 

The sub’Pnmplas foy smoking should be selected, 
as dcoeribed below, from ppe-hunared pac kage £..mple 
which .--...s been |>revic.,iily l^iQ^J.'lopted from fifty retail 
locacions geogrft^' 4 fcalmly 4^p’| ributed througi>out the 

/ f■ 

United States. , . • di’ ; 


-r 

f J ,-4 b • 


PM3001013770 


Source: https://www.industrydocuments.ucsf.edu/docs/ljlk0001 




The packages are carefully opened and three 

cigarettes are randomly selected from eac^ package. 

These cigarettes are pooled and now represent a three 

hundred cigarette poq^sd ^ub-sample which after con¬ 
i' 

ditioning will supply ,200 cigarettes needed for 

smoking. (Comments .Ph PP|^4ttioning procedure will be 

• ! ! ■ 

made later.) ■i 

As cigarettes e'|'Q required for smoking;, 5 
cigarettes a^e randomly s^teptod from the conditioned, 
pooled sub-sample and ape epm'hined to provide a 5 ciga- 

« f • « i 

rette "port"" sample* Ijrqcpdure is rep sated each 

time a 5 cigarettil ”po?'1^” pampas is required until the 
pecessary number pf ’'port” samp5.es has been obtained. 

It is recommende4 4Q !'popt-' i-u”ples be smoked for 
pach cigarette'brand ahq5-y^d4- 

“Sifr rationale fov pj^oosing forxy as the 
■number of ’'ports” po is derived from the ' 

estimate of precision ^Sivep' J-q tne paper. Th^s 

i I ‘ * 

paper reports upon the application of a smc.cing method 
po two rather uniform lots of cigarer,-. ,s specially made 
for the study. Using thig rather ideal situation, ix 
4,6 possible to estipiape tHe number of cigarettes whisn 
■ it is necessary tq srao|tp ip order to report TPM values 
to a given degroo'of prepppiftn with 95 ^ corfidence. 


-V,' '/v * 
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Prom the student’s "t” test? 


where ri = the number of cigasrettes smoiced^ 

ti =* the student "t" va lue v/hich is 
dependent upor^ the level of con¬ 
fidence desired. :^or 95% con- 
i'^ he :aken as 2 . , 

I 

cf— = standard deviation 

E e thQ rnaximum error which one 
yislies to tolerate with a 
^iver^ level of confidence 

r 

The v&lne for -plie standard devia ;ion is 
derived from Ogg (Table o— =: 3-19) for the mean 

standard deviation between laboratories. Since this 
value is based on one (3 cigarettes)^ it is 

necessary to multiply by y’" ”5 "* to conv^r * ahls to a 
per cigarette basis. 

Thus J 

= 3*19 3C = 7.1 

The choice of tb® standard deviation cctween 
laboratorlet ^.a chosen elneo even if all determinations 

t 

are to be made in a slng-lp laboratory it w?lll be necessary 
to report values to a dsgtae Of precision which would be 
expected if they WPS'O ve:j?^fte4 by ether qujvlified^ 
independent labofatoiriee,._ 
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5 . 


Thus for reporting to the nearee t milligram: 


r 

5) - ^ 




2CI.6 


or app:poxiiTjq.tqily 200 cigarettes. 


It is to note that ii order to 

establish resulos tq r.illigrams "Tith the same 

confidence in the samp situation the number 

of cigarettes nefe4o<^’tQ gets vexj large indeed, 

n = (g^g gQ.OOO 

' '( 041 ® ■ 

Despttf? tl^e I’ag'l; t^lr^at the above calculations _ 
do not take into account' Tnany acaiuional variations 
which must be co?|si<^erec^ If} estimate a value 

which is representative pf n bf^and as purchased in the 
market place, it is 8Ugge^te4 that uhey be usee as a 

- K i • » 

first approximation of tho.hHKlher of cigarettes uo be 
smoked. It is believe4 th^t. proper ;.i.3e of a monitor- 
sample (described ^b-tep) reduce procedural varia¬ 

tions, and in any dvent apppopniate statisv.ical evalua¬ 
tion of continuing ssffffplep will indicate ttie extent to. 
which the sampl4,4S ia pdeduate. 

/ Cigarette^ td'']3p gmoked should not contain soft 

■ -'.i' 

spots nor be loosely paejeed ^.t either end. In 

the final selectipn of oi^ar'Sttea for smoking, damaged 
or defective ci£ai*@ttb0 iiscaraec. and replaced 




if . : 
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with additional cigarettes drawn from the ooniitioned, 
pooled sub-sample. 

If the "port” sample is selected ani/or 
prepared for smoking ip a rg|pm which is not maintained 
at the^ same temperatpy^ Relative humility at which 
they were Gonditionec^;, cigarettes shopld be recon¬ 
ditioned before smoKIpg* ;* 

Cigarette safl[jp|e and ciga£*ette 

smoking should be cafQi^|i 4.r| a laboratory room 
maintained at 75 t ^ t relative .lumidity. 

Sample Conditioning 

In the opij[>ion of k |arge majority of xhe _ 

tobacco industry lapprat^prip^S clgareptcs should be con¬ 
ditioned prior to sijnQkip^* Rowavpr, one ;“ajor laboratory 

1 ’ " ■ i * : 

dissents from this bpiniont 'This laboratory believes 
that when smoke analysep ^rp made for the purpose of 
comparing brands samp|ep th« maricet, the ciga¬ 
rettes shouldj as fpp a^ poelg||>^e, be smoked at same 

mdi-sture contenb whicb thoy jiad when purchased. On the 
ot^^er hand those laborej-tofisk recommending cciditioning 
fepl that> at is necossify otherwise toe moisture 

content of the cigaretifp^ Will be a function of 

both the age of tb-o plgara’fitipr .and the ambienr conditions 
at which the cigapeptes are;§|pped not only i.i the whole-/. 
6a:j-e and retail ovit|fi1is bu1> go while being hold prior 
to analysis. This varidbll^pyiil |r,oisture content will^ 

V , 

in turn, affect tho bhrping ^d therefore the 
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nicotine and TPM delivery of the cigarettes, 

If cigarettes are to he condition* they 
should be placed loosely ^lion wire mesh shelves in a 
space in which the temperq,‘|jure and. relative humidity 
are adequately contro^^ed., It is recoumjended that ciga-. 
rettes be conditioned &t 7^ 2° S' and 6o t 2.^^ relative 

humidity for a per4o(^ qI* sufficiently long to ^ « 

allow the cigarettes t<^ "to pioisture eqv.ilibrium 

with the atmosphere qf tl^e ■ p^pd^'^ioning chamber. The 

X ‘ 

exact time required extent upon 

the rate of flow of around -.he ciga¬ 

rettes. Once the ppnd4t^<^i^1-|>g I’acilities are operating, 
simple experlraentatioif> e'StP-l^^ish the time required 
for cigarettes to attaijr ^ pppstant weight. This time 
should be adopted as a st4?>dd'i*a procedure provided 
that conditions supp ap at^ flbWj» cigarette loading, 
chamber geometry, etc, are net changed. 

Industry expenieupe Indicates thai con- 
» . - . * 

(^itioning cigarettep in dcs'ipcators over constant 
J^lumidity solutions’is cumbeysomc, requires very 
^arge number of d'^p^-^catorp ;^pn4 takes an in<-rdinately 
ipng time for the pQ reach equilibrium. 


It 2 .S c im?non in <|.pplyti^al work t > include 
check samples in. order to certain that t le results 


; 



¥ •' . _ __ _ 
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obtained on unknowns are valid. This concept is es- : ' 

pecially important with smoke analytical procedures ' 

because experience, in various tobacco industry lab- 

* i 

oratories', has shown that there are unexplainable day- 

r 

to-day variations in our analytical results obtained 

on a single sample. To obtain valid smoke analytical 

results on diverse samples over a period of time, it ; 

is essential to make daily checks on a carefully pre- 

I 

pared monitor cigarette. The daily results for the 

monitor may be related to the average for this sample 

over a period' of time and.the results obtained on other 

samples may be corrected for the day-to-day variation 

in .analytical results. _ ; : 

In the manufacture of a satisfactory monitor 
sample, extra care should be used in blending the 

tobaccos, in the selection of uniform cigarette paper 1 

1 

and filters and in fabrication. j-' 

The monitor cigarettes should be conditioned 
* 

in accordance with the procedures described above. The ' 

‘ I 

nxmber of monitor samples which should be smoked daily ' f 

will depend upon the uniformity of the particular sample, | 

the degree of control over smoking variables and the ac¬ 
curacy desired. This number can only be determined by ; 

experience and statistical considerations. . , 

There are many details associated with the 
production and use of a monitor sample which are beyond 
the scope of this discussion. Additional information 
and assistance in the production of a satisfactory 

' ^ » — P 3776 
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monitor sample will providea If desired, 

Smokln/y Machine Characteristics 

Each laboratory of the industry has done con-^ 
siderable work on development of analytical procedures 
for determination of nicotine and TPM in mainstream 
smoke. In spite of this, as noted by Ogg, further work 
is believed to be necessary to obtain a totally satis¬ 
factory method. 

Nonetheless for strictly analytical purposes 
the puff characteristics in the Ogg method, although 
arbitrarily cho'sen, are exactly defined. Several dif¬ 
ferent smoking devices are being used in the industry 
to achieve these puff characteristics. 

However, the automatic smoking machine which 
is selected should be capable of achieving the following 
puff characteristics with all types of cigarette: 

Puff Volume .-35 .1 0-5 ml measured as volume of 

smoke that will be from the butt end of the ciga^'' 

rette’under actual machine smoking conditions. Puff 

$ 

r 

volume should be checked before and after each analy¬ 
tical smoking run with smoke collection trap in system. 

Puff volume should be measured Using a soap 
bubble manometer. 

Puff Duration.- 2 0.2 sec. measured at the 

cigarette under actual machine smoking conditions by a 
soap bubble manometer and, a suitable timing device. 
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f 


Puff Frequ-ency .- 1 puff per 6o t 1 sec. 

Volume Between Pilter Holder and Machine .- 
Volume between the filter holder and the puffing device 
should be Kept to an absolute minimum. 

The area In v;hich the cigarettes are smoKed 
should be as free as possible from all drafts . 

Cambridge Filter Assembly* .. 

(a) Filter holder A Lucite (or aluminum) 
filter holder consisting of threaded inner and outer 
parts and Teflon gasket. 

(b) Filter disc .- Cut discs 1.7'^" mm) in 
diameter from CM113A fiber glass sheet made by the 
Cambridge Filter Corp., 738 Erie Blvd., East Syracuse 
3, N.Y,, or equivalent filter material. Filters must 
collect at least 99-9^ of all particles 0.3 u in diameter 
and over at a flow rate of 28 linear ft. per min., have 

a maximum pressure drop not exceeding 93 mm water at-28 

ft. per min.j and contain not more than 5^ acrylic-type 

» 

binder. 

f • 

It is recommended that in ordering filter 
material specifications as given above should be 
clearly stated. 

(c) Lucite guide .- A Lucite guide is used to 
assist in placing the rubber membrane on the filter 

*For a detailed description of smoking apparatus see 
Wartman, W.B.j Cogbill, E. 0,, and Harlow, E. S., 

Anal. Chem., 31, 1705 (1959). 
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holder. (The bolder^ guide, and filter:* medium, CM113A, 
both in sheets and as 1 . 7 ^" diameter discs, are obtain¬ 
able from Phipps and Bird, Inc., Richmond, Va.) 

(d) Rubber membrane .- Cut a square piece of 
medivim latex dental dam, approximately 3.5 x 3.5 cm.- 
Place between two pieces of rubber tile, or other 
suitable material, and punch a hole 4-6 ram in diameter 
in the center of the sheet with a cork borer of appro¬ 
priate size; the size of the hole depends on the 
circvimference of the cigarettes. Latex rubber sleeves, 

8 mm in diameter and 20 mm long, may also be used. 

(e) Rubber ”0” ring .- An ring, 3/S” i.d., 
may be made by slicing off a thin section of 3 / 8 ” i.d. 
rubber tubing or may be purchased from Linear, Inc., 

State Rd. Sa Levick St., Philadelphia, Pa. 

Smoking Procedure ■ 

Using lihe Lucite guide, place a rubber membrane' 
on the filter holder by Inserting the offset end of the 
Lucite guide through the hole in the rubber membrane 
and then into the entrance tube of the filter holder; 
holding the guide and thenembrane firmly against the 
filter holder, roll the rubber ” 0 ” ring over the guide 
and into position around the membrane and in the groove , 
on the entrance tube. It may sometimes be necessary to 
center the aperture and adjust its diameter by manipulating 
the rubber membrane. Trim the excess rubber membrane 
with scissors* Fit a Cambridge filter pad into the 
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filter holder with the rough side toward the port 
through which the cigarette is inserted. Position 
the Teflon gasket with the flat side resting against 
the filter disc, and screw in the Lucite plug securely 
against the gasket. Tighten with a special wire wrench 
with the ends fitted into two sockets on the back of 
the plug. 

Wipe gently with a soft cloth or tissue and 
weigh the filter assembly to the nearest 0,2 mg. 

Connect the filter assembly to the smoking machine by a 
short piece of rubber or .other suitable tubing with 
heavy enough wall so that the cigarette and filter 
assembly will be held in a horizontal position. Test 
the smoking apparatus and filter assembly for leaks. 
Insert a cigarette through the hole in the rubber 
membrane until the end of the butt is approximately 
flush with the Inner end of the holder tube, i.e., 
to a depth of about 7 /I 6 ”. Take care that the butt 
end'does not come in contact with the filter disc. 

i 

Withdraw the cigarette slightly so that the lip of 
the orifice in the rubber membrane projects outward 
and forms a snug-fitting collar without crimping or 
pinching the cigarette. Occasionally, it may be 
necessary to shift the position of the cigarette 

« 

slightly in or out, to insure that the collar surrounds 
the smooth portiP.n of the cigarette and provides a leak- 

I 

free seal. 
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There are. differences of opinion on the ; 

• 1 

amount ot length,of each cigarette to be smoked* 1 

Results in any event should be ejqpressed so that they ! 

. 1 ‘ 
are most meaningful. ‘ ’ ; I . 

• < I 

. . If all cigarettes are to be smoked to a I . 

i 

constant butt length it is recommended that this butt 1' 

I 

length be 30 mm {the length used.by Ogg) or that it be ; ^ 
3 mm beyond the tipping paper {filter overwrap), which¬ 
ever is the longer, and cigarettes selected for smoking 

I . 

should be marked at this point. If a fixed length of i 
cigarette is to be smoked, e.g., 4? mm, the cigarettes ; 
selected for smoking as above described should be marked 

< i 

at this point before insertion into the holder. ; | 

Light the cigarette at the beginning of the | •' 

f 

first puff (an electric coil lighter is suggested). 

Smoke each cigarette until the burning coal.reaches the 

- J . 

mark and record the number of puffs taken on each ciga¬ 


rette . 


If the operator anticipates that the coal 


will reach the mark during a puff, he should use .■ j 

‘ i 

judgment whether to allow cigarettes to bum beyond •; 

the mark or to stop smoking it short of the mark. In ' * 

the smoking of cigarettes, “overs” should be balanced ■ 

with ”unders'' for each pad. After the last puff, let 

the cigarette remain In the holder, free-burning, until 

a few seconds before the next puff will be drawn by the 
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* t 

i [ 

machinei then quickly remove the butt from the holder _ . | 1 

and allow a clearing puff of air to draw■in the smoke 

remaining in the entrance port of the assembly. A 

total of 5 cigarettes is smoked throu^ each filter 

pad as described. Immediately after 5 cigarettes ■ 

* 

have been smoked, disconnect the filter assembly from 

the apparatus, wipe, and weigh to the nearest 0.2 mg. 

Record gain in weight of the filter assembly 

and save smoke samples for water and nicotine analysis. 

In smoking care should be taken to smoke a 

different brand on each port of each machine, and in ■ 

replicate smokings random selection should be made of 

ports for brands since some variability between ports 

may be expected even on the same smoking machine. 

The weight of total particulate matter equals 

the gain in weight of the filter assembly. This weight 

representing the total particulate matter,(wet) from 

five cigarettes is recorded in mgs. 

A total of 40 smokings of 5 cigarettes each 
* 

is to be made on each brand and the average yield per 
pad determined. 

Determination of Water and Calculation of Dry Particulate 

-Water may be determined on each pad using 
the procedure described by Schultz and Spears ^[^Tob. ‘ 

Science 2^ (75“7^) extract remaining from 

the water determination Is saved for nicotine analysis 
as described below. 
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■ { 

If it is desired, water may "be determined ■ j 

separately, i.e., on duplicate smokings using the Karl ; j 

f 

Fisher procedure essentially as described by Cogbill ; | 

1 I 

et al ^i^^obacco Science ^ ( 136 -I 3 S) .1952Z* ' | 

The average yield of water per filter pad is | 

then subtracted from the average yield of total particulate 
matter (wet) to obtain the average TPM (dry) per pad. 

This value is used in calculating results as milligrams ‘ ' 

of dry particulate matter per puff by dividing by the 
average number of puffs per pad or as mgs, of dry 
particulate matter per cigarette by dividing the average 
yield per pad by 5* 

Alkaloids (as nicotine) - ’ 5 

. r ' 

The apparatus and basic procedures described ‘ ; 

"by Ogg are considered to be satisfactory. If water in 


instead of distilling the alkaloids from the total pad 
as in the Ogg procedures. The size of aliquot required 
Will depend in part on the alkaloid content of a particular 
sample and if this value is low, a determination using , 
the Griffith still is preferred since the total distil¬ 
late volume is one-half that of the modified KJeldahl 

still and the concentration is therefore twice as large. 

* * 

In' order to keep the distilland volume as 
low as possible in the Griffith still procedure it is 


TPM is to be dptermine^ by the Schultz and Spears pro¬ 
cedure, an aliquot from the Resulting solution is used 
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* 

considered desirable 'to acidify the aliquot portion 
with a smaller volume of more concentrated acid. One 
ml of I N HCl is satisfactory. When wording with 
extracts it is desirable to add the acidified extracts 
to the Griffith still through a 50 ml separatory funnel. 
Reporting of Results 

Cigarette smokers vary greatly in their manner 
of smoking — puffing rate, volume, frequency, length of 
cigarette smoked, etc.' (The smoke test conditions pro¬ 
posed herein are somewhat arbitrary choices approximating 
the average smoker.) Certainly not all smokers puff down 
to a fixed butt length. Consequently for many smokers 
there may be more meaningful expressions of smoke quantity 
than that of total quantity delivered per cigarette. 

One such approach would be to use a measure of 
average smoke concentration,’ that is, the particulate 
matter or nicotine per unit volume. In the above 
procedure a convenient unit volume measurement is the 
standard "puff” so that the smoke concentration would 
be expressed as "milligrams per puff". This number 
would be derived by dividing the total delivery of the 
cigarette smoked by the number of puffs. Such a nximber, 
for example, would be more meaningful to a person who 
only smokes half a cigarette. It is, therefore, 
recommended that particulate matter and nicotine values 
be reported both on a "per cigarette" and on a "per 
puff" basis. 
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